Summary Prior studies suggest an association between stressful life events and fractures that may be mediated by BMD. In the current study, risk of accelerated hip BMD loss was higher in older men with any type of stressful life event and increased with the number of types of stressful life events. Introduction Prior studies suggest that stressful life events may increase adverse health outcomes, including falls and possibly fractures. The current study builds on these findings and examines whether stressful life events are associated with increased bone loss. Methods Four thousand three hundred eighty-eight men aged ≥65 years in the Osteoporotic Fractures in Men study completed total hip bone mineral density (BMD) measures at baseline and visit 2, approximately 4.6 years later, and self-reported stressful life events data mid-way between baseline and visit 2, and at visit 2. We used linear regression to model the association of stressful life events with concurrent annualized total hip BMD loss, and log binomial regression or Poisson regression to model risk of concurrent accelerated BMD loss (>1 SD more than mean annualized change). Results Men (75.3 %) reported ≥1 type of stressful life event, including 43.3 % with ≥2 types of stressful life events. Mean annualized BMD loss was −0.36 % (SD 0.88), and 13.9 % of men were categorized with accelerated BMD loss (about 5.7 % or more total loss). Rate of annualized BMD loss increased with the number of types of stressful life events after adjustment for age (p< 0.001), but not after multivariable adjustment (p = 0.07). Multivariable-adjusted risk of accelerated BMD loss increased with the number of types of stressful life events (RR, 1.10 [95 % confidence interval (CI), 1.04-1.16]) per increase of one type of stressful life event). Fracture risk was not significantly different between stressful life event-accelerated bone loss subgroups (p = 0.08). Conclusions In these older men, stressful life events were associated with a small, dose-related increase in risk of concurrent accelerated hip bone loss. Low frequency of fractures limited assessment of whether rapid bone loss mediates any association of stressful life events with incident fractures. Future studies are
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Introduction
Many studies have reported a positive association of stressful life events such as spousal death, job loss, or residence change, with incident cardiovascular disease or mortality [1] [2] [3] [4] [5] [6] [7] [8] . We recently found that self-reported stressful life events in the past year were independently associated with increased risk of future falls in older men [9] . Though we also found that stressful life events increased age-adjusted risk for incident clinical fracture nearly 60 %, these results were attenuated and no longer statistically significant after additional adjustment for a one-time measurement of bone mineral density (BMD) and other factors. This study had limited statistical power to examine the relationship between stressful life events and fractures, but results suggested that the association between stressful life events and fractures may be mediated at least in part by BMD.
According to the allostatic load model, stressful life events may trigger a neurohormonal response, leading to physiological dysregulation and adverse health outcomes [10] . Published evidence that pro-inflammatory cytokines increase bone resorption in animals [11, 12] and independently increase risk for low bone density and bone loss in humans [13, 14] may be consistent with this pathway. However, while inflammatory cytokines are not routinely measured in clinical practice, stressful life events often come to clinician attention.
The aim of the present study, therefore, is to investigate the association between stressful life events and concurrent bone loss and to examine whether such an association is independent of other explanatory factors.
Methods

Participants
Community-dwelling men aged ≥65 years were recruited for the prospective MrOS study at six US sites: Birmingham, AL; Minneapolis, MN; Palo Alto, CA; Monongahela Valley near Pittsburgh, PA; Portland, OR; and San Diego, CA. MrOS exclusion criteria included inability to walk without assistance from another person and a history of bilateral hip replacement. The institutional review boards at all participating centers approved the study protocol, and written informed consent was obtained from all participants. The MrOS study design and recruitment have been described in detail elsewhere [15, 16] .
Of 5,994 MrOS participants who attended the baseline examination (March 2000 to April 2002), 5,128 self-reported data on history of stressful life events both in the year prior to administration of a mailed mid-study questionnaire (mean 2.0 years after baseline) and in the year prior to study visit 2 (mean 4.6 years after baseline). Of these men, 4388 completed total hip BMD measures at both baseline and visit 2, and formed the analysis cohort.
Ascertainment of stressful life events
In the mid-study questionnaire and at visit 2, participants were asked to self-report their marital status, and, if widowed, to provide their spouse's date of death. Participants also were asked to self-report each of the following stressful life events in the prior year: death of other close relative or very close friend; serious illness or accident of their wife or partner; separation from child, close friend, or other relative on whom participant depends for help; loss of a pet; given up important hobby or activity; serious financial trouble; and/or move or change in residence. Because questionnaires did not ask the number of each type of stressful event or the total number of all stressful events, it was possible to count each type of stressful life event only once at each of the two time points.
Measurement of bone loss
At baseline and visit 2, BMD was measured at the lumbar spine and right hip using dual energy x-ray absorptiometry (DXA) (QDR4500W, Hologic, Inc., Waltham, MA) unless the subject reported a right hip replacement or metal objects in the right leg, in which case the left hip was measured. MrOS DXA quality assurance measures have been detailed previously [16] . Based on common phantoms measured at all clinics, variability across clinics was within acceptable limits, and cross-calibration correction factors were not required. To monitor longitudinal changes, each clinic scanned spine and hip phantoms throughout the study, and correction factors for longitudinal changes were applied to participant data as appropriate. Precision of spine and hip DXA scans was 1 to 2 %.
Covariate measurements
Age, race, and education were self-reported at MrOS baseline. Baseline physical activity was measured using the Physical Activity Scale for the Elderly (PASE) score [17] . Self-reported medical history included comorbid conditions, fractures since age 50, and total impairment in five instrumental activities of daily living (IADLs). In-clinic measures included height (stadiometer) and weight (balance beam or digital scale). At baseline, participants were timed completing five chair stands, and walking 6 m while taking no more than two deviations outside a 20-cm narrow path. Mood was assessed at baseline, in the mid-study questionnaire, and at visit 2, using a single question regarding whether, in the past 4 weeks, participants had felt downhearted and blue [18] . Weight change was calculated between baseline and visit 2 as a percentage of baseline weight.
Statistical analyses
For each participant, the number of types of stressful life events was categorized as none (reference group), any, 1, 2, or 3 or more. The 11 men with missing data for single stressful life event questions were considered to not have had those events. Separately, participants were categorized regarding whether or not they reported their spouse died between baseline and visit 2. Those who reported a spouse death that occurred before study baseline or for which they didn't report a date of death were not counted as meeting this outcome. Differences in baseline characteristics between participants with and without any stressful life events were assessed using chi-square tests for dichotomous variables and t tests for continuous variables.
Total hip BMD change was calculated between baseline and visit 2 as percentage of baseline total hip BMD ([BMD v2 -BMD baseline ]/BMD baseline ×100). We defined accelerated total hip BMD loss as annualized percentage loss between baseline and visit 2 of >1 SD more than the mean annualized percent change (i.e., loss >1.24 % per year or >5.7 % total).
We used age-and multivariable-adjusted linear regression models to estimate the mean annualized percent change (and 95 % confidence intervals [CI]) in total hip BMD between baseline and visit 2 for participants with none, any, 1, 2, or 3 or more types of stressful life events. We used log binomial regression or, when models didn't converge, Poisson regression with robust variance estimators to estimate the risk of accelerated total hip BMD loss in each category of men with stressful life events, using men with no stressful life events as the reference group. Results were expressed as relative risks (RR) and 95 % confidence interval (CI). To identify candidate variables for adjusted models, an extensive list of variables with established or suspected associations with fractures, falls or stressful events was examined for association with any stressful life event, then included if also associated with annualized total hip BMD loss (p<0.20 for both comparisons). Models then were additionally adjusted for factors considered possibly on the causal pathway between stressful life events and BMD loss, including weight loss between baseline and visit 2 and low mood during follow-up. Then, to explore whether there were differences in the strength of association between different types of stressful life events and total hip BMD loss, separate age-and multivariable-adjusted models were created for each type of stressful life event.
All analyses were performed with SPSS, version 14 (Chicago, Illinois).
Results
Within the 4,388 men in the analysis cohort, 199 (4.5 %) reported wife/partner death, and 3,303 (75.3 %) reported at least one type of stressful life event, including 1,403 (32.0 %) with one, 1,054 (24.0 %) with two, and 846 (19.3 %) with three or more types of events. Among the 4,388 men, 10 were missing results for 1 of the 14 stressful life event questions and 1 was missing results for 2 questions. Based on their completed answers, 8 of these 11 men reported at least one stressful life event, including two with one type of event, four with two types of events, and two with three or more types of events. The most frequently reported types of stressful life events were death of other close relative/friend (53.8 %), wife/partner illness/accident (25.6 %), and loss of important activity/hobby (17.1 %).
Compared to men who reported no stressful life events, those with any stressful life event during follow-up were slightly older; less educated; had more IADL impairment and lower self-reported health; and more often reported low mood, diabetes, stroke, myocardial infarction, and fracture since age 50 (Table 1) .
Association between stressful life events and rate of bone loss Among the 4,388 MrOS participants with stressful life event data and repeat total hip BMD measures, mean annualized total hip BMD loss was −0.36 % ± 0.88. Nearly 14% of men were defined as having accelerated total hip BMD loss, including 10.6, 13.0, 14.8, and 18.6 % among men with 0, 1, 2, and 3 or more types of stressful life events, respectively. Of 4388 participants who self-reported stressful life events data, there were missing data for the following baseline variables: fracture after age fifty 0.2 % (8); IADL impairments <0.1 % (2); six meter walk speed 0.1 % (6); chair stands 1.8 % (80). IADL instrumental activities of daily living a Low mood was defined at baseline as answering "yes" to a question regarding whether, in the past 4 weeks, the participant "had felt downhearted and blue;" [18] low mood during follow-up was defined as answering "yes" to this question at either or both follow-up questionnaires collected approximately 2.3 and 4.6 years after baseline b IADL (instrumental activities of daily living) impairment score was the sum of the level of difficulty scored for each of five IADLs (range for individual IADLs was 0-3, and total score range was 0-15, with higher scores indicating worse IADL impairment) c Mean percent weight change between baseline and visit 2 In age-adjusted analyses, men with any stressful life event had no significantly greater rate of annualized total hip BMD loss compared to men with no stressful life events (−0.32 % vs. −0.38 %, p=0.091). While an increase in the number of types of stressful life events was associated with an increase in the annual rate of total hip BMD loss, this association was no longer significant after multivariable adjustment (p=0.07).
Association between stressful life events and risk of accelerated bone loss Having any stressful life event was associated with an increased age-adjusted risk of accelerated total hip BMD loss (RR for any event vs. none, 1.29 [95 % CI, 1.07-1.56]) ( Table 2 ). The strength of this association was slightly attenuated after additional adjustment for baseline weight, education, history of fracture since age 50, diabetes, stroke, myocardial infarction, Parkinson's disease, low mood symptoms, self-reported health status, IADL impairment, gait speed, and chair stand completion time (RR, 1.21 [95 % CI, 1.00-1.47). This association was no longer statistically significant after further adjustment for weight loss and low mood symptoms during follow-up.
Risk of accelerated total hip BMD loss was increased in a graded fashion with an increased number of types of stressful life events (Table 2 ). In analyses adjusted for baseline weight, education, history of fracture since age 50, diabetes, stroke, myocardial infarction, Parkinson's disease, low mood symptoms, self-reported health status, IADL impairment, gait speed, and chair stand completion time, risk of accelerated total hip BMD loss increased approximately 10 % (95 % CI, 4-16 %) for each additional type of stressful life event. Further, men with three or more types of stressful life events had a 33 % increase in multivariable-adjusted risk of accelerated total hip BMD loss compared to men without a stressful life event (RR, 1.33 [95 % CI, 1.06-1.67]). Results were slightly attenuated after additional adjustment for weight loss and low mood symptoms during follow-up (RR, 1.27 [95 % CI, 1.01-1.59]). After further adjustment for use of osteoporosis medications, the risk estimate appeared marginally increased, but results were no longer statistically significant (RR, 1.29 [95 % CI, 0.98-1.70]).
In multivariable-adjusted analyses of individual types of stressful life events, only giving up an important hobby or activity was associated with a statistically significant increase in risk of accelerated hip BMD loss (RR, 1.33 [95 % CI, 1.13-1.58]) (Appendix Table 3 ).
Association between stressful life events, bone loss, and fractures Among men with stressful life events, fractures occurred in 3.2 and 2.1 % of those with and without accelerated total hip BMD loss, whereas among men without stressful life events, fractures occurred in 0.9 % and 1.3 % of those with and without accelerated total hip BMD loss (p=0.08 for comparison between these four groups).
Discussion
In this cohort of community-dwelling older men, recent stressful life events were independently associated with a small, but statistically significant increased risk of accelerated hip BMD loss. Results suggested a monotonic relationship between higher numbers of types of stressful life events and increased risk of accelerated bone loss, but also that risk for accelerated bone loss may be more strongly associated with loss of an important hobby or activity than with other types of stressful life events in this population. Results also suggested that the association of stressful life events with subsequent clinical fractures, if present, may not be mediated by concurrent accelerated bone loss.
In a recent prospective analysis in this same cohort, we reported that prior stressful life events independently increased risk of multiple future falls, and that an ageadjusted increased risk of subsequent clinical fractures appeared at least in part accounted for by lower baseline BMD in the men with fractures [9] . Other studies have reported that physiological stress as measured by inflammatory cytokines may independently increase risk for low bone density and bone loss in humans [13, 14, 19] . However, to our knowledge, the present study is the first to examine whether self-reported stressful life events adversely affect change in BMD. Though the magnitude of this association appeared small, it was independent of other explanatory factors, and it may be clinically relevant given that stressful life events often come to clinician attention and might identify patients at increased risk for adverse skeletal outcomes.
This study has numerous strengths. As a prospective cohort study in which participants were recruited from population-based sources and were not selected on the basis of stressful life event history, results regarding the association between stressful life events and bone loss should be subject to less selection bias. Additional strengths included the accounting for a comprehensive set of possibly confounding variables. However, this study had several limitations. First, stressful life events were only ascertained for two of the 4.6 years between the baseline and visit two BMD measurements, and, because of questionnaire wording, it wasn't possible at each collection time point to determine if men had one versus more than one stressful life event of a given type. However, we would expect these limitations to bias our estimated associations between stressful life events and hip bone loss toward the null. Second, no data were available to estimate participants' prior experience with stressful life events or their resiliency to stress. Third, no concurrent measures of perceived stress or physiological stress, e.g., inflammatory cytokines, were available to correlate with self-reported stressful life events. Fourth, analyses could not exclude the possibility that unrecognized incident health events at least in part explained both the stressful life event and the BMD decline. Fifth, low prevalence of participant smoking and alcohol intake limited our ability to determine whether changes in these behaviors after stressful life events cause bone loss, but also meant that such changes were unlikely to explain our findings. Sixth, as fractures were infrequent, analyses comparing the association between stressful life events and fractures between participant bone loss subgroups had low statistical power. Finally, because MrOS participants are community-dwelling, largely healthy men, study findings may not apply to other populations.
In conclusion, we found that within a large cohort of community-dwelling older men, those reporting recent stressful life events had a small, but significantly increased risk of accelerated concurrent bone loss. Future studies are needed to confirm these findings, including possible differences in risk associated with different types of stressful life events. Further research also should investigate the mechanism that may underlie this association and establish what, if any, screening for osteoporosis should be performed in older men who experience stressful life events. Sponsor's role The funding agencies had no direct role in the conduct of the study; the collection, management, analyses and interpretation of the data; or preparation or approval of the manuscript. LE stressful life event, BMD bone mineral density, RR relative risk, CI confidence interval, MV multivariable a The MV1 model was adjusted for the following baseline variables: age, weight, education, history of fracture since age 50, diabetes, stroke, myocardial infarction, Parkinson's disease, low mood symptoms, self-reported health status, IADL impairment, gait speed, and chair stand completion time b The MV2 model was adjusted for all covariables in the MV1 model plus weight change and low mood symptoms between baseline and visit 2
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